We present measurements of the Cabibbo-suppressed decays Λ + c → Λ 0 K + and Λ + c → Σ 0 K + (both first observations), Λ + c → Σ + K + π − (seen with large statistics for the first time), Λ + c → pK + K − and Λ + c → pφ (measured with improved accuracy). Improved branching ratio measurements for the decays Λ + c → Σ + K + K − and Λ + c → Σ + φ, which are attributed to W-exchange diagrams, are shown. We also present the first evidence for Λ + c → Ξ(1690) 0 K + and set an upper limit on the non-resonant decay Λ + c → Σ + K + K − . This analysis was performed using 32.6 fb −1 of data collected by the Belle detector at the asymmetric e + e − collider KEKB.
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Introduction
Decays of charmed baryons, unlike charmed mesons, are not colour or helicity suppressed, allowing us to investigate the contribution of W-exchange diagrams. There are also possible interference effects due to the presence of identical quarks. This makes the study of these decays a useful tool to test theoretical models that predict exclusive decay rates [1] .
During the past several years there has been significant progress in the experimental study of hadronic decays of charmed baryons. New results on masses, widths, lifetimes and decay asymmetry parameters have been published by various experiments [2] . However the accuracy of branching ratio measurements does not exceed 30% for many Cabibbo-favoured modes: for Cabibbo-suppressed and W-exchange dominated decays, the experimental accuracy is even worse. As a result, we are not yet able to conclusively distinguish between the decay rate predictions made by different theoretical models.
In this paper we present a study of Λ + c baryons produced in the e + e − →continuum at Belle, relying on the excellent particle identification capability of the detector to measure decays with kaons in the final state. We report the first observation of the Cabibbo-suppressed decays Λ 
Data and Selection Criteria
The data used for this analysis were taken on the Υ(4S) resonance and in the nearby continuum using the Belle detector at the asymmetric e + e − collider KEKB. The integrated luminosity of the data sample is equal to 32.6 fb −1 . Belle is a general purpose detector based on a 1.5 T superconducting solenoid; a detailed description can be found elsewhere [3] . Tracking is performed with a silicon vertex detector (SVD) composed of three concentric layers of double-sided silicon strip detectors, and a 50 layer drift chamber. Particle identification for charged hadrons, important for the measurement of final states with chamber, time of flight measurements and aerogelČerenkov counter information. For each charged track, measurements from these three subdetectors are combined to form K/π and p/K likelihood ratios in the range from 0 to 1,
where L(p), L(K) and L(π) are the likelihood values assigned to each identification hypothesis for a given track.
For the analyses presented here, we require P(K/π) < 0.9 for pions, P(K/π) > 0.6 for kaons, and P(p/K) > 0.9 for protons, unless stated otherwise. Candidate π 0 's are reconstructed from pairs of photons detected in the CsI calorimeter, with a minimum energy of 50 MeV per photon. The interaction point (IP) coordinates in the r −φ plane are determined from beam profile measurements.
Other particles are identified as follows:
• Λ 0 are reconstructed in the decay mode Λ 0 → pπ − , fitting the p and π − tracks to a common vertex and requiring an invariant mass in a ±3 MeV/c 2 (≈ ±3σ) interval around the nominal value. The likelihood ratio cut on the proton is relaxed to P(p/K) > 0.4. We then make the following cuts on the Λ 0 decay vertex:
-the closest distance of approach along the beam direction between the proton and pion tracks must be less than 1 cm;
-the distance between the decay vertex and the interaction point in the r − φ plane must be greater than 1 mm;
-the cosine of the angle in the r − φ plane between the Λ 0 momentum vector and the vector pointing from the IP to the decay vertex must be greater than 0.995.
• K 0 S are reconstructed in the decay mode K 0 S → π + π − , fitting the π + and π − tracks to a common vertex and requiring an invariant mass in a ±7 MeV/c 2 (≈ ±3σ) interval around the nominal value. We then make the same vertex cuts as in the Λ 0 case.
• Σ + are reconstructed in the decay mode Σ + → pπ 0 , requiring an invariant mass within ±10 MeV/c 2 (≈ ±2σ) of the nominal value. We require the proton to have at least one hit in the SVD, to improve its impact parameter resolution with respect to the IP; we then require the impact parameter in the r − φ plane to be greater than 200 µm, to make sure the Σ + vertex is displaced from the IP.
• Σ 0 → Λ 0 γ decays are formed using identified Λ 0 and photons with calorimeter cluster energies above 0.1 GeV; we accept candidates with invariant masses within ±6 MeV/c 2 (≈ ±1.5σ) of the nominal value.
To suppress combinatorial and BB backgrounds, we require Λ In the various mass fits described below, the central value and width of the signal peaks are always allowed to float, unless stated otherwise. Wherever the final state includes a hyperon, we improve the invariant mass resolution by plotting the corrected mass difference, e.g. Fig. 1 . To study backgrounds due to Cabibbo-allowed decays, we select a second sample with a reversed identification requirement P(K/π) < 0.1 applied to the "kaon". In the mass spectrum of this sample, where the kaon mass hypothesis is still used, we see a broad structure centered around 2.4 GeV/c 2 ,
We fit this distribution using two Gaussians (to with a Gaussian for the signal and a second order polynomial for the background. We find 4550±111 events. The relative reconstruction efficiency was determined using, Monte Carlo simulation (MC), to be ǫ(Λ
79. Using this value, we extract
the first error is statistical, and the second is systematic. We provide a detailed description of the sources of systematic error for this and other measured decay modes in Section 8. The Cabibbo-suppressed decay Λ + c → Σ 0 K + is reconstructed in a similar way, with the scaled momentum cut tightened to x p > 0.6 to suppress the large background due to soft photons. The invariant mass distribution of the selected Σ 0 K + candidates is shown in Fig. 2 : a peak is seen at the Λ + c mass, and a reflection due to misidentified two-body Cabibbo-allowed Λ + c decays is seen at higher masses. The superimposed curve shows the result of a fit following the method described for Λ 0 K + , with the exception that in this case the width of the signal Gaussian is fixed from the MC to 
84 in the MC: we then calculate
The first evidence for the Cabibbo-suppressed decay Λ + c → Σ + K + π − was published by the NA32 collaboration in 1992 [4] : they found 2 events in the signal region. Reconstructing Σ + K + π − combinations with the cuts of Section 2 tightened to require x p > 0.6, we see a clear signal peak at the Λ + c mass, as shown in Fig. 3 were observed by CLEO in 1993 [5] . Here we measure these decay channels with improved accuracy and provide the first evidence for the Λ
to Section 2. A clear peak is seen at the Λ + c mass, over a low background. We fit the distribution using 
= 0.076 ± 0.007 ± 0.009.
In order to obtain the Λ 
, we calculate
= 0.085 ± 0.012 ± 0.012.
We also search for resonant structure in the Σ + K − system in these decays. Figure 6 shows the 
Taking into account the systematic error, we obtain an upper limit
at the 90% confidence level, including the possible effects due to interference with Λ 
Using the value of the Λ
− combined branching ratio, obtained in Section 5, and the ratio of the normalization decay rates [2] , we find the following ratio of Ξ(1690) 0 decay rates:
The corresponding ratio of the Ξ(1690) 0 decay rates quoted by [2] (1.8 ± 0.6 after isospin correction) is based on a single measurement reported in [6] . In order to check for possible interference ture above a smooth background. We have also searched for the Λ
spectrum, in agreement with the B(Ξ(1690) 0 → Ξ − π + ) upper limit value from [6] . Entries/(2 MeV/c 
2 to suppress the φ → K + K − contribution. After fitting the resulting pK + K − mass spectrum and applying corrections accounting for the φ tails and the missing phase space region around the φ mass we obtain 344 ± 81 Λ + c → pK + K − non-φ decays . This corresponds to
= 0.007 ± 0.002 ± 0.002.
Systematic errors
We have considered several possible sources for the systematic errors in our measurements. The most important is the uncertainty in the pion and kaon identification efficiencies, which affects all ratios of signal and reference branchings. Based on a study of kaons and pions from
decays, we assign a systematic uncertainty of 6% per K/π ratio (e.g. 6% for Λ 0 K + /Λ 0 π + , 12% for
background function has been varied by changing the order of the polynomial function, with any change in the signal yield being taken as a systematic uncertainty. For each fit where the width of the signal Gaussian was fixed to the MC prediction, we have redone the fit with a floating width, and taken the resulting change in the yield as a systematic uncertainty. For the Λ + c → pK + K − and Λ 0 K + analyses, we have assigned additional uncertainties of 6% and 10% respectively on the signal yields, based on the fractions of signal events found in non-Gaussian tails for the normalization modes pK − π + and Λ 0 π + (the pK + K − and Λ 0 K + samples are too small to fit for the presence of non-Gaussian tails). For the Breit-Wigner fit of the φ signal we have varied the function by letting the width of the convolved Gaussian float and varying the shape of the background parameterization. We have also included the 1.4% uncertainty of B(φ → K + K − ) and varied the φ nominal width within its error [2] . In the case of Λ + c → Σ + φ and pφ decays there is an additional source of systematic error due to the difference in kinematics between the signal and normalization modes. This has been estimated to be 6% for Σ + φ and 4% for pφ, based on the difference between the MC predictions for the efficiency in resonant and non-resonant cases.
In the Λ + c → Ξ(1690) 0 K + , Ξ(1690) 0 → Σ + K − resonant analysis we neglected the possible interference between Ξ(1690) 0 and φ contributions. MC studies show that this leads to an uncertainty of less than 5%, due to phase space limitations in the interference region.
Conclusions
In summary, we report the first observation of the Cabibbo-suppressed decays Λ Table 1 .
